Although there are a number of reports of pure cultures of bacteria which can metabolize ethylene glycol (1, 3, 5, 6), the metabolic route has been studied for few bacteria. Acetobacter and Gluconobacter species oxidize ethylene glycol and accumulate only glycolic acid (2). Glycolate is commonly oxidized to glyoxylic acid (4, 17) . Jones and Watson (8) reported that an Acinetobacter strain utilized ethylene glycol via the glycolaldehyde, glyoxylate, and glycerate pathways to produce pyruvate (12) . Gonzalez et al. (6) described a halophile, bacterium T-52 (ATCC 27042), that readily oxidized glycolate when grown on either ethylene glycol or glycolate and also detected glycolate oxidase activity in cell-free extracts of the bacterium. We now present evidence that, like certain other isolates, bacterium T-52 oxidizes ethylene glycol sequentially to glycolate and glyoxylate (Fig. 1) .
Knowledge of the catabolism of ethylene glycol is essential for development of an efficient biological treatment process for water containing ethylene glycol. Because of their widespread production and utilization, glycols as a group constitute a considerable organic load in waste treatment systems. Bacterium T-52 offers the advantage over other ethylene glycol-degrading bacteria of tolerance to the high NaCl concentrations frequently found in wastewater resulting from synthesis of polyhydric compounds.
Bacterium T-52 was cultured in shaken cultures incubated at 30°C in a mineral salts broth containing 3.4% (wt/vol) NaCl (6) supplemented with ethylene glycol, sodium glycolate, glyoxylic acid, or glycerol (4.2 g of C per liter). The increase in turbidity at 640 nm during growth was measured spectrophotometrically and converted to the cell dry weight equivalent by using an experimentally determined conversion factor.
Rates of oxidation of ethylene glycol, glycolic Calif.) was incubated at 30°C as described for cultures. Samples were periodically tested for the presence of glyoxylate by the colorimetric procedure of Wolf (16) . When the concentration of glyoxylate reached 5 to 10 ,ug ml-', the reaction was stopped by quick freezing in liquid N2 (for analysis of free organic acids) or by addition of 4 g of (NaPO3)3. 6H20 and 20 ml of a 1% (wt/ vol) solution of 2,4-dinitrophenylhydrazine in 5 N H2SO4 (for analysis of 2,4-dinitrophenylhydrazone derivatives).
The free organic acids were extracted from the freeze-dried concentrates of the frozen reaction mixture into absolute ethanol and mixed with Dowex 1 (bicarbonate form). The acids adsorbed on the resin were eluted with 1 N HCI, freeze-dried, dissolved in absolute ethanol, and analyzed by paper chromatography, using three solvent systems: (i) phenol-formic acid-water (75:25:1, vol/vol); (ii) butanol-formic acid-water (4:1:5, vol/vol) as described by Zweig and Sherma (18) ; and (iii) n-propanol-NH40H-water (6:3:1, vol/vol) as described by Hulme (7) . The acid spots were revealed by dipping in xylose-aniline-methanol (1:1:100, wt/wt/vol) (7). Amino acids were detected by spraying the chromatogram with ninhydrin. Radioactivity was located with a Packard model 7201 radiochromatogram scanner.
The 2,4-dinitrophenylhydrazone derivatives were extracted from the treated reaction mixture with four successive portions (0.4 volume) of diethyl ether. Saturated NaHCO3 was added until the mixture became alkaline (pH 8.4). The aqueous phase was collected, and the last traces of phenylhydrazone derivatives were removed from the ether by shaking with saturated NaHCO3. The combined aqueous phases were acidified to pH 2.0 with 2 N H2SO4 and extracted three times with chloroform-ether (85:15, vol/ vol). These extracts were combined and evaporated to dryness in vacuo at room temperature. The residue was dissolved in absolute ethanol and analyzed by using paper chromatography. The chromatograms were developed with the nonaqueous phase of a mixture of tert-amyl alcohol-ethanol-water (50:10:40, vol/vol) as the solvent, and the appropriate spots were viewed under ultraviolet light. The revealed derivatives were eluted with 0.2 M NaHCO3, extracted with chloroform-ether as above, and evaporated to dryness. The residue was dissolved in 3 ml of 0.2 M NaHCO3, and the absorbance spectrum was determined by using a Bausch and Lomb Spectronic 505 spectrophotometer.
Ethylene glycol, glycolate, or glyoxylate served as the sole carbon source for growth of bacterium T-52. The use of inocula from cultures grown on ethylene glycol resulted in no difference in the rate of growth at the expense of any of these compounds during the first 12 h of incubation, and no lag period was discerned.
Resting cells of bacterium T-52 grown on ethylene glycol readily oxidized ethylene glycol, glycolate, and glyoxylate (Table 1) . The ability to catabolize ethylene glycol was diminished when the cells were grown on either glycolic acid or glyoxylic acid, but the ability to respire both glycolate and glyoxylate was retained. Glycerolgrown cells oxidized all three compounds at very low rates. Glycerol neither stimulated nor suppressed the oxidation of ethylene glycol by bacterium T-52. Similar studies in which "0CO2 evolution was measured during catabolism of [ (Table 2) . Although the colorimetric procedure of Wolf (16) indicated that glyoxylate was present, neither glycolate nor glyoxylate was detected in the free-acid analysis of the reaction mixtures, but radioactive spots were detected which corresponded with glycine and serine. Glycine has been shown to occur as a secondary metabolite from metabolism of compounds in which glyoxylate was an intermediate (15) , and the amination of glyoxylate to glycine followed by condensation to serine has been reported (14) . indicated by the characteristic formation of a red-to-orange color after the addition of phenylhydrazine, HCl, and K3Fe(CN)6 (16) . Chromatography of the extracted 2,4-dinitrophenylhydrazine derivatives of compounds in the cell-free preparations yielded three radioactive spots. Two spots corresponded to the cis and trans isomers of authentic glyoxylate-2,4-dinitrophenylhydrazone. These were eluted, and the absorption maximum occurred at 365 nm, the reported wavelength of maximum absorption for the glyoxylate derivative (7) . Spot 3 was not determined, but the bis-2,4-dinitrophenylhydrazone of tartronic semialdehyde, the bis deriva- Further study is needed to optimize conditions for assaying the reactions occurring in the cellfree system, which could provide confirmation of glycolate as a metabolite. Isolation and characterization of the enzyme catalyzing the oxidation of ethylene glycol could provide information useful in exploiting bacterium T-52 in biological treatment of ethylene glycol-containing wastewaters. LMRATURE 
